Urinary nitrogen compounds were determined in test cows with urea as the sole (0-cows) or partial (ULP-cows) source of nitrogen. An average of 0.49 % total nitrogen was found in 0-cows and 0.88 % in ULP-cows, the values for urea nitrogen being 2.24 and 2.63 mg/ml, for ammonium nitrogen 0.14 and 0.09 mg/ml, for creatinine 0.77 and 0.90 mg/ml and for creatine 0.28 and 0,42 mg/ml urine, respectively. Differences between the two groups were highly significant (P < 0.001) as regards total nitrogen and significant (P < 0.05) as regards urea nitrogen and creatine. In each group the between-cow differences were highly significant with regard to total and urea nitrogen and creatine, and in 0-cows also with regard to ammonium nitrogen and creatinine. Smaller amounts of urinary allantoin and larger amounts of uric acid were found in 0-cows than in ULP-cows. Corresponding determinations were made to some extent also on the urine of cows on normal indoor or pasture feeding.
Introduction
The urinary nitrogen compounds are end products of nitrogen metabolism and they reflect the interrelation between the organism and feeding. The most important of these compounds with ruminants as well as with other mammals, both quantitatively and metabolically, is urea which readily reflects the protein status of the feed and which is influenced by almost all changes occurring in protein metabolism. Urinary urea excretion has been observed to be closely related to the urea content of the blood, for instance with sheep (Cocimano and Leng 1967, MC Intyre et al. 1970 ) and with steers (Thornton 1970) .
Other nitrogen compounds, excreted in the intermediary metabolism and derived either directly or indirectly from amino acids, are uric acid and creatine.
Creatine, which is mainly excreted as creatinine, is formed from arginine, glycine and methionine. Urinary ammonia is derived to a great extent from the acid amide group of glutamine (Hock 1966) . In experiments performed with sheep a correlation between the nucleic acids of the rumen and the urinary purine compounds was observed (Topps and Elliott 1965) . Also smaller amounts of lower peptides, amino acids and amino acid derivatives are excreted in the urine. Quantitatively the most important amino acid derivative is that of glycine: hippuric acid, which is a detoxication product of benzoic acid.
In the feeding experiments started at the Biochemical Research Institute in 1961 and continued for more than ten years, in which dairy cows were fed purified protein-free feed with urea as the sole nitrogen source (Virtanen 1963 (Virtanen , 1966 (Virtanen , 1971 or feed rich in urea and poor in protein (Virtanen 1967 (Virtanen a, 1971 , special attention was paid to the nitrogen metabolism of the test cows, and thus also to the urinary nitrogen and nitrogen compounds. In the present paper the contents of total urea and ammonium nitrogen, creatine and creatinine determined on the urine of the test cows during several production periods are presented. Nitrogen balances, as well as contents of uric acid, allantoin and amino acids, were also determined to some extent.
Materials and methods
All cows sampled were Ayrshires. Urine samples were taken from all dairy cows on a purified protein-free feed with urea (and also ammonium salts to some extent) as the sole source of nitrogen (0-feeding and 0-cows) and from cows on a feed rich in urea and poor in protein (ULP-feeding and ULP-cows) the minimum being once a month during 2-4 production periods. For comparison samples were also taken from 30 cows on normal silage-cereals feed and from 20 cows on pasture feed, the common name for both groups being »NorPcows». In connection with the digestibility tests the whole-day urine of the test cows was collected with a »Urinal» harness (VEB Leipziger Gummiwarenfabriken) and the nitrogen balance was determined. The urine samples were deep-frozen immediately after sampling and preserved as such for the determinations.
The following methods were used in the determinations; Total nitrogen was determined by the Kjeldahl method with KMn0 4 according to Beet (1955) .
Urea and ammonium nitrogen were determined according to Conway (1962) .
Creatinine and creatine were determined according to Albanese and Orto (1963) with picric acid in an alkaline solution, based on Jaffe's reaction.
Uric acid was determined enzymatically with uricase enzyme (Uricase Leo, Leo Pharmaceutical Products, Denmark), according to Praetorius (1962) Allantoin was determined according to Young and Conway (1942) .
The free amino acids, as well as those of the urine hydrolysate (6 N HCI, 20 h, 106°C ) were purified with Amberlite IR 120 cation exchange resin in H + form, after which the nitrogen of the amino acid fraction was determined.
Results
The total urinary nitrogen contents in cows on 0-feed were much lower than on ULP-feed and the difference was highly significant (P < 0.001), as was the case also between individual cows on each feeding (Table 1 ). In contrast, the average contents of total nitrogen with both ULP-and NorP-cows were about the same. The differences in the contents of urea nitrogen between various Table 1 . Nitrogen fractions of the urine of milk-producing 0-, ULP-and NorP-cows Total 0.77 2.30 0.12 0.92 0.50 P < 0.001 = ***, P < 0.01 = **, P < 0.05 = * individuals both on 0and ULP-feed were highly significant, whereas those between various feeding groups were only significant (P < 0.05). The highest urea nitrogen contents were found on pasture feed (0.41 %) and the lowest on 0-feed (Eiru 0.13 %). In spite of the lower urea contents, an average of 53 % of the urinary nitrogen with 0-cows was urea nitrogen, whereas the average proportion on ULP-feed was 32 %. Lila was an exception among the ULPcows: in its urine an average of 50 % of total nitrogen was urea nitrogen ( Table 2 ). The proportion of urea on pasture feed was 49.2 % and on indoor feed 31.6 %. As for ammonium nitrogen, highly significant individual differences were observed only with 0-cows ( Table 1 ). The differences in the average ammonium nitrogen contents between the various feeding groups were not significant.
The proportion of ammonium nitrogen of the total urinary nitrogen was highest with 0-cows and lowest with ULP-cows (Table 2 ).
In the creatinine contents highly significant individual differences between cows occurred on 0-feed, but not on ULP-feed ( Table 1 ). The differences in the average values were not significant on 0-and ULP-feeds, and also the creatinine contents of the urine of NorP-cows were about the same. As for the creatine contents, highly significant differences occurred between individual cows on 0and ULP-feeds. The difference in the average values of various feeding groups was significant (P < 0.05).
With dry cows the urinary creatinine content was higher than with milkproducing cows (Table' 3) and it rose when the production period exceeded twelve months. The contents of total nitrogen, urea and ammonium nitrogen were lower with dry cows than with milk-producing cows.
Allantoin nitrogen was determined on the urine of four 0-cows and four ULP-cows. The urinary allantoin content (mg/ml urine) in ULP-cows was higher than in 0-cows, but the proportion of allantoin-nitrogen of the total nitrogen was lower than in 0-cows (Table 4 ). Urinary uric acid in 0-cows was higher than in ULP-cows, as was also the proportion of uric acid-nitrogen of the total nitrogen. The proportion of the nitrogen of the free amino acids of the total urinary nitrogen was 6.0 % with 0-cows, 5.0 % with ULP-cows and 10.5 % with NorPcows. The nitrogen content of the amino acids of the hydrolysate was 8.6 % of the total nitrogen with 0-cows, 10.0 % with ULP-cows and 20.0 % with NorP-cows. (Table 5 ). Of this nitrogen the daily excretion of urea nitrogen was 19 -55 g with 0-cows and that of ammonium nitrogen less than 2 g. The corresponding figures for the ULP-cow were 50 g and 4.5 g.
With each individual cow the daily excretion of creatinine was constant, whereas differences occurred between various individuals. The amounts of creatine per day varied also with the same cow. In table 6 the average consumption of water with 0-cows is presented. The table also shows the average amount of urine excreted per day. The consumption of water with ULP-cows was not determined and the daily amount of urine (24 h) was determined only on test cow Euru, being 10 kg.
Discussion
Total, urea and ammonium nitrogen
The total urinary nitrogen and urea nitrogen contents were lower with O-cows than with ULP-and NorP-cows. In total nitrogen the differences were highly significant (P < 0.001) and in urea nitrogen only significant (P < 0.05). The differences between individual cows as regards total and urea nitrogen were highly significant on 0and ULP-feeds. Eiru, the first cow on 0-feed, had the lowest total and urea nitrogen contents (0.30 % total nitrogen and 0.13 % urea nitrogen). Eiru was fed smaller amounts of urea than the cows later included in the test, because the cows were fed very cautiously due to the risk of ammonia poisoning. In spite of this the nitrogen balance was positive. There may have been an effective re-diffusion of urea in the kidney (Scmidt-Nielsen et al. 1958 , Virtanen 1967 b, Mc Intyre et al. 1970 . When the amount of urea fed to the 0-cows was increased, the total urinary and urea nitrogen contents increased, and also the proportion of urea nitrogen of the total nitrogen (Figures 1 and 2) . Many scientists have found the same thing as regards cows on normal feeding, irrespective of whether the cows are pregnant, dry or milk-producing (Livingston et al. 1962 , Kertz 1970 , Robinson et al. 1973 , Paque et al. 1973 ). Kertz has observed that the total urinary and urea nitrogen are influenced both by nitrogen intake and nitrogen requirement. Paque et al. (1973) found that 27 -77 % of the digestible nitrogen fed was excreted in the urine of milk-producing cows and more than 60 % in the urine of dry cows. Both on 0and ULPfeeds the nitrogen balance was positive in all tests and on 0-feed 52-69 % of the digestible nitrogen was excreted in the urine and on ULP-feed (test cow Euru) 59 %.
With human beings (Rose et al. 1950 (Rose et al. , 1951 and rats (Kiriyama et al. 1967 ) the quality of protein has been observed to influence the proportion of urea nitrogen of the total urinary nitrogen in such a way that with a diet well balanced in regard to amino acids the proportion of urea-nitrogen lias decreased. It has been found that with sheep both deficiency and excess of methionine have increased the total urinary nitrogen and urea excretion (Tao et al. 1974) thus causing a negative nitrogen balance (Schelling et al. 1973 ). Kim et al. (1971) have observed that the amount of nitrogen excreted in the urine of milking cows increased and the nitrogen balance decreased when cows were fed methioninehydroxy analog. Mäkinen (1972) found that in the plasma of 0-cows there were smaller amounts of all essential amino acids except threonine and tryptophan, and larger amounts of glycine than in the plasma of NorPcows. In spite of this the proportion of urea nitrogen of the total urinary nitrogen was the same with 0-cows as with NorP-cows on pasture feed, and the nitrogen balance was positive. With ruminants, in which protein is also produced by rumen bacteria, the quality of the protein fed obviously is not as important as with non-ruminants. Bines and Balch (1973) have not found any signifi- Fig. 1 . Effect of apparently digestible nitrogen (ADN) intake on the total urinary nitrogen excretion in 0-cows. cant difference between peanut meal and urea as to their effect on the amoun* of urinary nitrogen excretion, and on the nitrogen balance. Neither have significant differences been found between soya and urea when cows have first been adapted to the use of urea (Ludwick et al. 1971 ). According to Paque et al. (1973) the amount of urinary nitrogen excretion is also influenced by the amount of digestible dry matter. The composition of dry matter has also been observed to effect the amount of nitrogen in the urine , Pfeffer et al. 1975 so that the addition of sugar, cellulose or starch to the feed has decreased the amount of total urinary nitrogen and also the proportion of urea nitrogen. On the basis of the results obtained by the above scientists a conclusion could be drawn that the low total nitrogen content of the urine of 0-cows is due to the fact that 0-feed contains only purified carbohydrates as a source of energy: starch cellulose and sugar. Oltjen et al. (1965) have also stated that the total urinary nitrogen content in cows on purified feed has been lower than that in cows on normal feed. On the other hand the urinary urea nitrogen proportion in 0-cows was higher than that in most ULP-cows and NorP-cows on indoor feeding, but about the same as that in NorP-cows on pasture feeding, and in ULP-cow Lila. The diet of ULP-cow Lila contained urea to such an extent that it supplied 60 65 % of the digestible crude protein required. Schiemann et al. (1965) and Pfeffer et al. (1975) (Thornton 1970) it was observed that the urinary urea excretion was closely related to the urea content of the plasma. In her studies Mäkinen (1972) found that the urea content of the plasma was the lowest in the blood of 0-cows and the highest in that of NorP-cows.
The average urea content of the urine of 0-cows was, however, the same as that of NorP-cows on indoor feeding. Comparable data about the daily amount of urinary urea excretion is available only as regards 0-cows, because for this study whole-day urine was collected from all 0-cows, one ULP-cow and no NorP-cows. Elliott and Topps (1963) and Juhasz (1971) have observed that the amount of crude protein of the feed influences the urinary ammonia content. However, no significant differences were observed in the ammonia contents of the urine of 0-, ULP-and NorP-cows. Smaller amounts of total, urea and ammonium nitrogen were found in the urine of dry cows on 0-, ULPand NorP-feeds than in the urine of milk-producing cows. One reason for this might be the decrease in the amount of nitrogen intake when the cows are dry. On the other hand Robinson et al. (1973) have found in their experiments with sheep that at each protein level used the total urinary nitrogen was lower with pregnant sheep than with non-pregnant ones.
Creatinine and creatine
The differences in the urinary creatinine contents between individual 0-cows were highly significant, but the differences in the average values between various feeding groups were not significant. The daily amount of creatinine excretion was about constant with each test cow. Several other scientists have also observed that the daily amount of creatinine excretion with each individual is the same, whereas there are remarkable variations between different cows (Aafjes and De Groot 1961 , Van Niekerk et al. 1963 , Albin and Clanton 1966 , Kertz et al. 1970 ). Maloiy et al. have observed (1970) that the nitrogen intake does not have any effect on the excretion of creatinine. According to Schiemann et al. (1965) an addition of protein decreases the creatinine excretion. Kertz et al. (1970) have studied the effect of feeding varying amounts of nitrogen to dairy cows and also the effect of time of day on creatinine excretion and also on the creatinine: nitrogen ratio. The amount of nitrogen and the time of day influenced the concentration of creatinine and nitrogen, and their ratio as well, but not the daily creatinine excretion.
On the other hand, according to Van Niekerk et al. (1963) , sudden variations in the amount of protein intake have an effect on creatinine excretion. The daily amount of urinary creatinine rises when protein is added to the feed. Yokota (1964) has observed that when small amounts of casein were included in the diet of a rat, methionine and glycine caused increased creatinine excretion, whereas arginine had no effect at all. According to Fischer (1966) the lack of arginine did not have any effect on creatinine excretion, either, whereas a deficiency in all other amino acids, with the exception of lysine and threonine, decreased its excretion. Mäkinen (1972) found that in the blood plasma of 0-cows there are smaller amounts of arginine and methionine and larger amounts of glycine than in the plasma of NorP-cows. Differences in the amounts of these amino acids necessary for the formation of creatinine are not reflected in the creatinine contents of the urine of 0-cows. According to Van Niekerk (1963) variations in the energy intake do not influence creatinine excretion. In the studies of Pfeffer et al. (1975 a, 1975 b) with wethers, the addition of starch to the feed did not, either, change the daily creatinine excretion. On the other hand, the proportion of creatine plus creatinine nitrogen of the total urinary nitrogen rose, because the addition of starch decreased the total urinary nitrogen content.
With dry 0and ULP-cows the urinary creatinine content was higher than during the milk production period. Similar results were obtained with NorPcows on indoor feeding. No results are available concerning dry cows on pasture feed. Also Albin and Clanton (1966) have made observations on the effect of the lactation stage on creatinine excretion.
As regards creatine, the differences between 0and ULP-groups were significant, and between individual cows highly significant. According to the studies of Aafjes and De Groot (1961) both the lactation stage and the amount of feed as well as its energy content influence the urinary creatine content.
Allantoin and uric acid
The allantoin contents of the urine of O-cows were lower and the uric acid contents higher than the corresponding contents in the urine of ULP-cows, their combined contents being higher with 0-cows than with ULP-cows.
The proportions of allantoin nitrogen and uric acid nitrogen of the total urinary nitrogen were higher with 0-cows than with ULP-cows. It is probable that most of the allantoin and uric acid excreted by ruminants is derived from the nucleic acids of the rumen microbes (Topps and Elliott 1965) . This is supported by the studies of Blaxter and Martin (1962) , according to which casein, when added to the rumen, causes somewhat greater allantoin excretion than when added to the abomasum. In their studies with sheep Topps and Elliott (1965) have observed a highly significant correlation between the urinary purine derivatives and the ruminal nucleic acids. They found the largest amounts of nucleic acid and purine with feeding at the highest energy level. In their previous experiments with African cattle Elliott and Topps (1963) have stated that when the feed contains adequate energy, but only small amounts of protein, urea excretion in the urine decreases and allantoin excretion increases so much that allantoin becomes the main component of the urinary nitrogen compounds. According to them urea returns effectively to the rumen via the saliva with African cattle which are able to live on very small amounts of protein. If an easily fermented source of energy is then available, the microbial function in the rumen is effective. In their experiments uric acid excretion decreased when the amount of feed protein decreased. Schiemann et al. (1965) have observed that when the nitrogen in the feed of steers increased the proportion of allantoin and uric acid of the total nitrogen decreased. When the sugar and cellulose contents in the feed rose the proportion of allantoin and uric acid increased. The same is the case when the starch content of the feed rises (Pfeffer et al. 1975 a, b) .
Urinary amino acids
The proportion of the total urinary nitrogen present in the amino acids in free form was 6.0 % with 0-cows, 5.0 % with ULP-cows and 10.5 % with NorP-cows. The proportions of the nitrogen in the amino acids of the hydrolysate were 8.6 %, 10.0 % and 20.0 % respectively. The total amount of amino acids excreted both in a free and bound form was smaller with the test cows than with NorP-cows. These differences are mainly due to glycine, of which much larger amounts were excreted on NorP-feed than on either of the test feeds. The excretion of amino acids will be discussed in detail in a later publication.
Summary
The total nitrogen, urea and ammonium nitrogen, creatinine and creatine contents of the urine of cows on a purified protein-free feed with urea and ammonium nitrogen as the sole sources of nitrogen (0-feed) and on a feed rich in urea and poor in protein (ULP-feed) were followed by taking samples at least once a month during 2-4 lactation periods. Corresponding determinations were also made on the urine of cows on normal feed (NorP-feed) both during the indoor and outdoor feeding periods. The contents of amino acid, uric acid and allantoin in the urine of some 0-cows and ULP-cows were also determined. The daily contents of total, urea and ammonium nitrogen and creatinine and creatine of the urine of 0-cows and one ULP-cow were determined, too.
During the lactation period the total urinary nitrogen content in 0-cows was 0.49 %, in ULP-cows 0.88 % and in NorP-cows on indoor feeding 0.77 % and on pasture feeding 0.91 %. The differences between individual cows and between 0and ULP-groups were highly significant (P < 0.001). The urea nitrogen contents (mg/ml urine) in the urine of 0-, ULP-and NorP-cows both on indoor and pasture feeding were 2.24, 2.63, 2.30 and 4.12, respectively, and the ammonium nitrogen contents 0.14, 0.09, 0.12 and 0.14 mg/ml. The differences between individual cows on 0and ULP feeds were highly significant (P < 0.001), and the differences between the means of these groups were significant (P < 0.05) as regards urea. In ammonium nitrogen there were differences only between individual cows (P < 0.001) on 0-feed.
The contents of creatinine and creatine were 0.77 and 0. 28 (0-feed), 0.90 and 0.42 (ULP-feed), 0.92 and 0.50 (Nor P-indoor feeding) and 0.79 and 0.39 mg/ml (NorP-pasture feeding). Highly significant between-cow differences occurred on 0-feed and in regard to creatine also on ULP-feed. The differences between the groups were not significant concerning the contents of urinary creatinine, but the average urinary creatine content in 0-cows was significantly (P < 0.05) lower than that in ULP-cows. The urine of dry cows contained more creatinine and other nitrogen compounds and less total nitrogen than the urine of milk-producing cows.
The urinary uric acid content in 0-cows was 1.06 mg/ml and 0.19 mg/ml in ULP-cows, and the proportion of its nitrogen was 9.5 % and 0.9 % of the total urinary nitrogen, respectively.
The urinary allantoin content in 0-cows was 1.50 and in ULP-cows 1.85 mg/ml, and the proportion of allantoin nitrogen of the total urinary nitrogen was 12.2 % and 9.6 %, respectively.
The proportion of the urinary nitrogen in the amino acids in free form was 6.0 % with 0-cows, 5.0 % with ULP-cows and 10.5 % with NorP-cows. The proportions of the nitrogen in the amino acids of the hydrolysate were 8.6 %, 10.0 % and 20.0 %, respectively.
The urinary nitrogen in 0-cows was 35-41 %of the nitrogen intake and 52.4 69.4 % of the digestible nitrogen intake. Of the urinary nitrogen 33.5 61.8 % was urea nitrogen. The urinary nitrogen excretion in ULP-cow Euru was 43.3 % of the nitrogen intake and 58.9 % of the digestible nitrogen intake. Of the urinary nitrogen 41.2 % was urea nitrogen.
